Abstract Nuggets popularly known as warrian is the traditional household food item of India and prepared from black gram but deficit in essential amino acid, lysine. Present study conducted to prepare lysine enriched nuggets using white button mushrooms (WBM) that contain all the essential amino acids. Black gram paste was fortified with WBM 0 (T0) to 50 at 10 % increments (T1 to T5). Moisture, ash, crude protein and fat were increased in T0 to T5 ranged from 10.00 to 13.52 %, 4.00 to 4.18 %, 13.90 to 23.80 % and 0.37 to 1.00 %, respectively. The cooking weight, cooking losses and antioxidant activity (as DPPH) were increased with increase in WBM (lysine enrichment) in nuggets. In textural analysis, hardness decreased with increases fortification from 1.971 to 0.889 kg. Based on physico-chemical, cooking and textural properties, black gram to WBM ratio of 80: 20 was recommended.
Introduction
Plant protein products are gaining increased interest as ingredients in food systems throughout the world, because of their versatile functional properties or as biologically active components. Besides essential nutrients, they have lower cholesterol level and incorporate better fiber in the diet (Marcello and Gius 1997, Sirtori and Lovati 2001) . Nuggets popularly known as warrian in Indian household, is prepared commonly from black gram and are rich source of protein, but lacks in a few essential amino acids, fibers and antioxidant properties. Seldom efforts were focused on improving the nutritional value of the nuggets although they are traditionally part of a meal in India. White button mushrooms, which are rich in lysine and other essential amino acids, are widely grown throughout world and are highly perishables and spoil within 24 h (Chang 1999; Singh et al. 1999; Boa 2004; Antmann et al. 2008) . The surplus produce can be utilized to prepare or fortify traditional based culinary and other enriched food items (Mattila et al. 2000) . Nuggets are prepared by acting it (whipping) for proper consistency and density. Small droplets of the batter is placed on an oil smeared plate and dried under sun. The final product is crispy with hallow inner core. It is assumed that proper shape and texture of nugget is directly related with the consistency of the batter by adjusting the moisture content and level of aeration. Improving the textural and functional properties of nuggests is needed for biphasic advantage in storage and quality. The present study was conducted with an objective to prepare and standardize an acceptable lysine enriched nuggets by mushroom fortification.
Material and methods

Raw materials
Black gram, black pepper and salt were obtained from local market while the white button mushrooms were procured from the department of Mycology and Plant Pathology, Dr Y S Parmar University of Horticulture and Forestry, Solan (INDIA).
Fortification of nuggets
Black gram thoroughly washed and soaked in double the amount of water for 12 h. After draining and washing, the dal was ground to paste by using household grinder. Mushrooms were blanched for 5 min and made into paste by grinding. Nuggets (wariana) were prepared by mixing dal paste with 0.5 % black pepper and 0.5 % salt. Nuggets without mushroom paste (100:0) was taken as control and compared with other treatments replacing the dal paste with mushroom paste ranging from 10 to 50 %. Thus the different combinations were as T 0 (Control, no mushroom), T 1 (90:10), T 2 (80:20), T 3 (70:30), T 4 (60:40) and T 5 (50:50).
Physico-chemical analysis
Moisture (%), ash (%), crude fiber (%), crude fat content (%), total carbohydrates (%) and energy value (k cal/100 g) were determined according to AOAC (2000) . Nitrogen (N) content was determined by Kjeldahl method (Ranganna 1986 ) and crude protein (CP) was derived by multiplying N with conversion factor of 6.25. For TLC, the amino acids were extracted using methanol on Soxhlet followed by distillation. Then the extracted samples were run over TLC silica gel plate along with standard amino acids and compared using RF value (Thimmaiah 2006 ).
Cooking quality
Cooking loss (%) and weight increase (%) were determined according to the method described by Olfat et al. (1993) . A 10 g sample of nuggets was placed into 300 ml of boiling distilled water in a 500 ml beaker. After simmering for 10 min., samples were washed through with distilled water and allowed to drain for 2 min. drained nuggets samples were analyzed for their cooking loss and weight increase calculated by the following equations:
Cooking loss % ð Þ ¼ weight of drained residue in cooking water=weight of uncooked nuggets ½ Ã 100
Quantitative analysis of antioxidant compounds
Total phenolics
The amounts of total phenolics in the nuggets were determined with the Folin-Ciocalteu reagent (Bray and Thorpe, 1954 ) using catechol as a standard. Grounded 1 g sample, centrifuged at 5,000 rpm and filtered. Filtrate was evaporated in oven up to dryness and dried extract dissolved in 5 mL distilled water. 0.2-2.0 mL aliquot was taken in separate test tubes and volume was made up to 3 mL. Then 0.5 mL Folin-Ciocalteu reagent was added. After 3 min, 2 mL of Na2CO3 (20 %) was added and mixed. Test tubes were placed in boiling water bath for 1 min and then cooled. Optical density of the sample was recorded at 650 nm with the help of UV-VIS spectrophotometer (Shimadzu, Japan). The concentration was determined from the standard curve.
Antioxidant activity
Antioxidant activity (Free radical scavenging activity) measured as per the method of Brand-Williams et al. (1995) . DPPH (2, 2-diphenyl-1-picrylhydrazyl) used as a source of free radical. A quantity of 3.9 mL of 6 × 10 −5 mol/L DPPH in methanol was put into a cuvette with 0.1 mL of sample extract and kept for 30 min. in dark and absorbance measured at 515 nm against methanol as blank. The remaining DPPH concentration calculated using the following equation:
Where, Ab (B)=Absorbance of blank Ab (S)=Absorbance of sample 
Statistical analysis
Each analysis assay was done three times from the same sample to determine reproducibility. Results were expressed as mean values±standard deviations. Analysis of variance (ANOVA) was used to test any difference in properties of nuggets after lysine enrichment. Further the cooking quality was subjected to One-way analysis of variance. Significance difference between means were tested using Tukey's test using S-plus for Windows (version 8.0.4).
Results and discussion
Physico-chemical properties
Raw material
A comparative study on different physico-chemical characteristics (Table 1) of white button mushrooms and black gram were evaluated prior to prepare lysine enriched nuggets. White button mushroom contained more moisture (90.17 %) than black gram (2.30 %). But for other characteristics such as ash, CP, crude fat, crude fibre, total carbohydrates and energy value of black gram was at higher side compared to mushrooms. Form the Fig. 1 and Table 2 , it is clear that white button mushrooms (Agaricus bisporus) contained lysine which is otherwise deficient in black gram.
Lysine enriched nuggets
The different physico-chemical characteristic moisture, ash, crude protein, crude fat and energy value were evaluated to compare the quality of different fortified nuggets (Table 3) . The moisture and ash were ranged from 10.00 to 13.52 % and 4.00 to 4.18 %, respectively, while the CP and fat were ranged from 13.90 to 23.80 % and 0.37 to 1.00 %, respectively. The low moisture content would endow a long shelf life (Aremu et al. 2006) . The increase in moisture and ash (%) content might be attributed due to the increase in mushroom content in the recipe of nuggets, while the increase in ash content shows the mineral enrichment of nuggets. CP and crude fat was decreased with the increased mushroom fortification. As black-gram contained more CP and fat than white mushroom, any replacement of black gram with mushroom decreased CP and fat content. Since the energy value depends on crude fat primarily and CP which are decreasing with the increase in mushroom fortification in nuggets and hence a decrease in energy value was observed.
Cooking quality
The cooking quality of different nuggets as affected by different mushroom fortifications presented in Table 4 . With the increase in fortification level, the weight of nuggets was increased from 95.8 to 133.3 %, respectively. Similarly, the cooking losses were also increased with increase in fortification level. The highest losses (1.5 %) were observed in treatment T5 (50:50; black gram: mushroom) and lowest losses (0.7 %) were in T0. Increased cooking losses in mushroom enrichment of nuggets may be related to gluten dilution and the protein solubility fraction of wheat germ (Tarzi et al. 2012) . It was demonstrated earlier in pasta that a linear relationship exists between cooking quality and protein content and increasing amount of gluten in pasta decreases the amount of solid residue in the cooking water (Matsuo and Irvine 1970) . Modification in protein solubility may arise from changes in degree of association between polypeptide chains, hydrogen bonds, hydrophobic interactions, salt linkage or disulphide covalent bonds (Feillet et al. 1974) . Breen et al. (1977) reported that the cooked weight of spaghetti made from a bean formula is lower than that of the control. These results showing lower water absorption of the cooked legumesblended spaghetti as noticed earlier for almost all the legume-semolina blends (Bahnassey and Khan, 1986 ).
Antioxidant properties and activity
Antioxidants are the important compounds that protects from free radicals that causes oxidative stress. Phenols are the major compounds that are analyzed and Table 4 Cooking quality and textural properties (hardness and stickiness) of white button mushroom (Agaricus bisporus) fortified nuggets (warian) for lysine enrichment The antioxidant/free radical scavenging activity of fortified nuggets was increased with fortification ( Fig. 3 ). This could be attributed to increase in total phenolics after fortification with mushroom, as antioxidant activity depends upon total phenolic content in the product (Oszmianski and Wojdylo 2009) . DPPH is stable free radical with characteristic absorption at 515 nm and antioxidants react with DPPH radicals and converts it in to 2, 2-diphenyl-1-picrylhydrazine. The degree of discoloration indicates scavenging potential of the antioxidant extract, which is due to the hydrogen donation ability of antioxidants (Van et al. 1997 ).
Texture
Hardness and stickiness (Table 4) is related with the amount of starch and starch gelatinization. The fortification resulted in a decrease in hardness (Fig. 4) . During cooking, severe changes in the microstructure of nuggets occurs. The uniformity of dry nuggets starts to change by the diffusion of water from outside to the core. Closer to the surface of the nugget strand, the changes are more drastic, starch granules are no longer intact as in the core and protein matrix starts to break down due to denaturation (Sozer et al. 2007) . Even the gluten matrix is still elastic enough in the centre (Smewing 1997) . Malcolmson et al. (1993) found that protein level greatly affected firmness, compressibility and cooking loss. Therefore, from the figure it can be attributed that with the increase in mushroom quantity a decrease in elasticity was observed while, cooking lead to softening that ultimately resulted in low hardness Fig. 4 .
Conclusion
Fortification of mushroom, enhanced the quality of nuggets by improving good quality protein and total phenols, which ultimately resulted in an increase in antioxidant properties. Black gram and mushroom ratio of 80 to 20 was adjudged best combination based on physico- Fig. 4 Textural properties of different mushroom fortified nuggets (warian) for lysine enrichment Fig. 3 Antioxidant properties of different mushroom fortified nuggets (warian) for lysine enrichment chemical, cooking and textural basis. The standardized product is easy to prepare and it has scope to commercialization.
